Abstract. We investigated the effect of doxazosin on cholinergic and adrenergic agonists responses in detrusor smooth muscle preparations from sham-operated and 2-week partially obstructed rat bladders. Male Wistar albino rats, 200 -250 g, were randomly allocated to 4 experimental groups consisting of 12 animals each: sham-operated bladder, sham-operated bladder treated with doxazosin, partially obstructed bladder, and partially obstructed bladder treated with doxazosin. Partial outlet obstruction of the rat was surgically induced. The response to carbachol (10 -7 -10 -4 M), isoproterenol (10 -6 -10 -3 M), and 80 mM KCl were recorded. Carbachol caused concentration-dependent contractile responses in the detrusor smooth muscles from sham-operated and partially obstructed bladder. Isoproterenol produced concentrationdependent relaxation responses in the detrusor strips from all groups. Dose-response curves for carbachol and isoproterenol showed a shift to the left in rat detrusor smooth muscles from partially obstructed bladder when compared with the results obtained in detrusor muscles from sham-operated bladder. These responses were reversed to normal by doxazosin treatment in rat detrusor smooth muscles from partially obstructed bladder. KCl produced contractile responses in rat detrusor smooth muscles from all groups. The contractile responses to KCl were not significantly changed in all groups. We have shown that carbachol and isoproterenol responses were shifted to the left in rat detrusor smooth muscles from partially obstructed bladder and these responses were reversed by doxazosin treatment.
Introduction
Bladder outlet obstruction is a common medical problem. About 80% of elderly males have various degrees of urinary bladder outlet obstruction secondary to benign prostatic hyperplasia, prostatic cancer, bladder stones, uretral strictures, and bladder cancer. The urinary bladder is responsible for two important physiological functions: urine storage and urine emptying. An effective and sustained detrusor muscle contraction is essential for bladder emptying.
Bladder outflow obstruction results in major alterations in bladder structure and function, including detrusor hypertrophy, elevated voiding pressures, and detrusor instability. The effects of bladder outflow obstruction have been studied in several animal models. The pathophysiological mechanisms underlying these conditions are not understood. The urinary bladder is innervated by both sympathetic and parasympathetic fibers via the hypogastric and pelvic nerves. The parasymphatic nervous system plays an important role in functional regulation of bladder smooth muscle. Parasympatheticnervation is responsible for detrusor contraction. Some studies have shown that there were changes in bladder smooth muscle responses to cholinergic agonists in obstructed pig bladders. Sympathetic innervations also play an important role in bladder smooth muscle and are responsible for detrusor relaxations (1) . Recently, much attention has been focused on the role of the sympathetic nervous system and alfa-1-adrenoreceptors (a 1AR) in the smooth muscle contraction component of bladder outlet obstruction (2, 3) . a 1AR antagonists have been demonstrated to relax prostate smooth muscle and they were capable of relieving outlet obstruction in clinical studies (4 -6) . Therefore, in this study, we investigated the effect of doxazosin on cholinergic and adrenergic agonist responses in rat detrusor smooth muscle preparations from sham-operated bladder and 2-week partial obstructed bladders.
Materials and Methods

Treatment of animals
After obtaining University animal care committee approval, 48 male Wistar rats weighing 200 -250 g were used in this study, randomly allocated to 4 experimental groups consisting of 12 animals each: shamoperated bladder, sham-operated bladder treatment with doxazosin, partially obstructed bladder and partially obstructed bladder treatment with doxazosin. They were individually housed in plastic cages in a quiet, temperature-and humidity-controlled room (22 ± 5°C and 63 ± 5%, respectively) in which a 12 h -12 h light-dark cycle was maintained (lights on between 08 -20 h). Animals weights were recorded every day.
Surgical procedures
For inducing partial obstruction of the urinary bladder, firstly 24 rats were anesthetized with an intraperitoneal injection of 40 mg / kg pentobarbital, and then the abdomen was opened via low midline incision and the prostate lobes were retracted bilaterally to expose the bladder and the bladder neck. After removal of the perivesical fat, bilateral dissection of the proximal urethra was performed and a 2-0 silk suture was passed between the urethra and rectum and placed around the urethra over a catheter (1.70 mm). Then the urethra was ligated and the catheter was removed. The catheter ensured that the ligature did not completely close the urethra, but reduced its diameter to nearly 2 / 3 of the original size. The incisions were closed with surgical suture and the operated rats were housed in separate cages for 2 weeks. Sham surgery was performed in 24 additional rats except that urethral ligatures were removed instead of being tied in place. Each rat was placed in a recovery room and observed for several hours. Intramuscular gentamicin (1 mg / kg) and tramadol hydrochloride (20 mg / kg) were given during postoperative days. Some of the sham-operated and some of the obstructed animals received 1 mg / kg per day doxazosin mesylate, administered by an intraperitoneal injection for 2 weeks.
Pharmacological studies
At the end of 2-week period, the urinary bladders above the level of the urethral orifices were excised and placed in a physiological saline solution (PSS) of the following composition: 123 mM NaCl, 5.9 mM KCl, 1.2 mM MgCl 2 , 15.5 mM NaHCO 3 , 1.2 mM KH 2 PO 4 , 1.25 mM CaCl 2 , and 11.5 mM glucose, gassed with 95% O 2 and 5% CO 2 . Detrusor smooth muscle (integrated detrusor smooth muscle bundles) from the anterior wall of the bladder body was dissected in a longitudinal direction. Any visible fat, connective tissue, vessels, and mucosa were removed. Then smooth muscle was cut into strips measuring 1.5 mm in width and 5 mm in length for the tension experiments.
Tension measurement
The detrusor strips were mounted in an organ bath. Isometric tension was continuously measured with a force transducer (FDT10-A; Commat, Ltd., Ankara, Turkey), connected to a computer-based data acquisition system (TDA 97, Commat, Ltd.). A resting tension of 1 g was applied and then the strips were allowed to equilibrate for 1 h before any agonists were added. The preparations were washed with PSS every 15 min during the equilibration period. The effects of carbachol (10 -7 -10 -4 M) and isoproterenol (10 -6 -10 -3 M) in a cumulative manner on basal tone tissues were recorded. Cumulative concentration-response curves were constructed in a stepwise manner after the responses to the previous concentration had reached a plateau. After each concentration-response curve, the preparation was washed 3 times with PSS and the next concentrationresponse was constructed after 45 min of equilibration. After obtaining the isoproterenol concentration-response curve, papaverine (100 mM) was added to the bath to elicit maximal relaxation at the end of the experiments and the results were expressed as a percentage of these maximum responses. Carbachol responses were also expressed as a percentage of their maximum responses.
Analysis of results
At the end of each experiment, detrusor smooth muscles were detached from the recording set-up, blotted, and weighed. The contractile and relaxant responses were expressed as milligrams (mg) of tension developed per mg of tissue-wet weight. All values were expressed as means ± S.E.M. and "n" indicated the number of animal preparations. Sensitivity was expressed as pD 2 (-log EC 50 ). Smooth muscle contractility and relaxation was evaluated as the maximally developed tension and relaxant effect per unit tissue weight (E max ). Statistical analysis of the results was performed using the analysis of variance and Student's t-test. P values lower than 0.05 were considered statistically significant.
Results
Two weeks after partial obstruction of the urethral outflow led to a significant increase in bladder weight (350 ± 21 mg), when compared to the sham-operated rats (180 ± 13 mg). There was no significant difference in the baseline tension of the spontaneous activity between rat detrusor smooth muscles from shamoperated and partially obstructed bladder (P>0.05, n = 12).
Effect of carbachol on detrusor smooth muscle preparations
Carbachol caused concentration-dependent contractile responses in rat detrusor smooth muscles from the sham-operated and partially obstructed bladder (Fig. 1) . The contractile responses to carbachol in rat detrusor smooth muscles from obstructed bladder were significantly enhanced when compared to sham-operated animals, but not in rat detrusor smooth muscles from partially obstructed bladder of rats treated with doxazosin. The E max values and the pD 2 of the carbachol are shown in Table 1 .
Effect of isoproterenol on detrusor smooth muscle preparations
Isoproterenol produced concentration-dependent relaxation responses in the detrusor smooth muscles from all groups (Fig. 2) . Concentration-response curves for isoproterenol showed a shift to the left in rat detrusor smooth muscles from obstructed bladder when compared to the results obtained in the other groups. The effects of isoproterenol were reversed by doxazosin treatment in rat detrusor smooth muscles from obstructed bladder. The E max values and the pD 2 of the isoproterenol are shown in Table 1 .
Effect of KCl on detrusor smooth muscle preparations
KCl produced contractile responses in rat detrusor smooth muscle preparations from all groups. The contractile responses to KCl were not statistically different among groups. The E max values of the KCl are shown in Table 1 . 
Discussion
The present study showed that 2 weeks after surgery, rat bladder weights increased significantly in the obstructed groups. Since the obstructed urinary bladder is characterized by detrusor smooth muscle hypertrophy, these increases seemed to be related to increment of the bladder mass (7 -9).
Generally, results from studies using animal models of bladder outlet obstruction report rapid and marked morphological and functional changes in the detrusor muscle, similar to those reported in human clinical studies (10, 11) . Results of research studies on these animal models show that bladder outlet obstruction disrupts bladder blood flow and that the resulting ischemia / hypoxia of this tissue trigger bladder hypertrophy as well as the subsequent dysfunctions that develop in this tissue (12 -14) . However, how this dysfunction of the detrusor smooth muscle occurs is still not fully known.
In patients, symptoms associated with bladder outlet obstruction can be divided into the 2 general categories of obstructive (hesitancy, poor stream, prolonged urination, and sensation of incomplete emptying) and irritative (frequency, urgency, nocturia, and unstable bladder contractions). In these patients, irritative symptoms may persist even after removal of obstruction, as documented by subsequent normalization of urine flow rates. This observation support that patients with associated bladder outlet obstruction have detrusor overactivity, which often leads to uninhibited detrusor contractions (15) .
In animal models, outlet obstruction causes an increase in bladder mass and contractile dysfunction in vivo and in vitro (16, 17) . Previous studies have shown modified responses of detrusor strip to cholinergic agonists. For example, an apparent decrease in the responses of obstructed rat bladder to bethanechol has been reported (18) . Another study showed that the force of contraction from obstructed guinea pigs was less than that observed in control guinea pigs (19) . Also, it has been reported that carbachol responses decreased in rabbit bladder partially obstructed for up to 70 days (20) . In contrast to these studies, it has also been shown that sensitivity to carbachol may increase in the smooth muscle strips from obstructed pig bladders (21 -24) . Previously, a twofold increase in muscarinic receptor binding sites at the level of obstructed detrusor muscle has been shown (22) . In another study, a partial outlet obstruction in the rat resulted in a progressive increase in bladder mass; an increase in nicturition frequency; increases in the in vitro contractile response to field stimulation, bethanechol, methoxamine, and KCl; and increases in bladder DNA content and 3 H-thymidine incorporation (23) . These latter authors have found that smooth muscle from the rabbit obstructed bladders showed enhanced sensitivity and higher levels of force to both KCl and carbachol during cumulative additions (24) . The discrepancies of response to carbachol may be due to duration of the bladder obstruction and to using different animal species. Also, in the present study, we found that carbachol responses increased in rat obstructed bladder when compared to sham-operated rats and these increases returned to normal in animals treated with doxazosin. These findings points out that increased contraction responses of rat obstructed bladders may be improved through a -blocker treatment. Since patients with associated bladder outlet obstruction have detrusor overactivity, this effect of doxazocin may be helpful.
In the last years, there is evidence that the sympathetic nervous system and a 1ARs have an important role in the treatment of bladder outlet obstruction (1, 25) . Because of the usefulness of a 1AR antagonists for treating symptoms associated with bladder outlet obstruction and the recent suggestion that a1AR antagonist may relieve obstruction via the relaxation of prostate-bladder neck smooth muscle (25 -29) , we examined the effect of doxazosin on cholinergic and adrenergic responses in detrusor smooth muscle preparations from obstructed bladder. It has been demonstrated that b-ARs of rat detrusor smooth muscle are considered to be mixed populations consisting of three subtypes that play an important role in relaxing smooth muscle in response to catecholamines (30) . It has been shown that the muscle strips from rabbit obstructed bladder showed reduced inhibitory responses to b-adrenergic stimulation with isoprenaline (31) . In another study, a relaxant effect in response to isoproterenol 2 weeks after obstruction was obtained, but this was not so 6 weeks after obstruction. These findings suggest that the duration of obstruction is important and may change the response to the same agonist (32) . However, there is a study indicating a remarkable increase in bladder a 1d-adrenoceptor M RNA and protein expression after 6 weeks of obstruction and resultant detrusor hypertrophy (9) . In our study, we also found that relaxation responses to isoproterenol increased in 2-week rat obstructed bladders. These increased relaxation responses were decreased by the treatment with the a-blocker doxazosin.
In a previous study, it was found that detrusor smooth muscle strips from rat obstructed bladder showed no significant differences in contraction response to noncumulative addition of KCl (24) . Also, we found that the contraction produced with KCl was not significantly different among groups. These findings demonstrate that there is no impairment of the contraction machinery in smooth muscles from rat obstructed bladder.
In conclusion, in the present study, we showed that responses to cumulatively applied carbachol and isoproterenol were shifted to the left in detrusor smooth muscles of rat obstructed bladder. Increased responses to carbachol and isoproterenol may be due to increased receptor number or postjunctional supersensitivity. Moreover, since these responses were reversed to normal by doxazosin treatment, we suggest that the effects of doxazosin on a1ARs are involved.
